A facile and convenient synthesis of new heterocyclic compounds containing a sulfamoyl moiety suitable for use as antimicrobial agents was reported. The precursor 3-oxo-3-phenyl-N-(4-sulfamoylphenyl)propionamide was coupled smoothly with arenediazonium salt producing hydrazones which reacted with malononitrile or triethylorthoformate affording pyridazine and triazine derivatives, respectively. Also, the reactivity of the same precursor with DMF-DMA was followed by aminotriazole; aromatic aldehydes was followed by hydrazine hydrate, triethylorthoformate, or thiourea affording triazolo[1,5-a]pyrimidine, pyrazole, acrylamide, and dihydropyrimidine derivatives, respectively. On the other hand, treatment of the precursor propionamide with phenyl isothiocyanate and KOH in DMF afforded the intermediate salt which was treated with dilute HCl followed by 2-bromo-1-phenylethanone affording carboxamide derivative. While the same intermediate salt reacted in situ with chloroacetone, ethyl 2-chloroacetate, 3-(2-bromoacetyl)-2H-chromen-2-one, methyl iodide, or 2-oxo-N-phenylpropane hydrazonoyl chloride afforded the thiophene, ketene N,S-acetal, and thiadiazole derivatives, respectively. The structure of the new products was established based on elemental and spectral analysis. Antimicrobial evaluation of some selected examples from the synthesized products was carried out whereby four compounds were found to have moderate activities and one compound showed the highest activity.
Introduction
Sulfonamides have been reported to exhibit antimicrobial [1] [2] [3] , antifungal [4] , insulin releasing [5] , carbonic anhydrase inhibitory [6] , anti-inflammatory [7] , and antitumor [8] , properties. Some active sulfonamides as antibacterial are also known for their immune modifying effects [9] . Also, pyrazole derivatives are known to exhibit diverse bioactivities such as antidepressant [10] , anticonvulsant [11] , antimicrobial [12] , analgesic [13] , and antitumor [14] activity and also serve as human acyl-CoA: cholesterol acyltransferase inhibitors [15] . In addition, thiophene compounds are well known to exhibit various biological and medicinal activities such as BACEI inhibitors [16] , antitubercular [17] , antidepressant [18] , antiinflammatory [19] , and anti-HIV PR inhibitors [20] , and antibreast cancer activities [21] . These facts, coupled with our desire to develop efficacious antimicrobial agents, and in continuation of our work in heterocycles of biological interest [22] [23] [24] [25] , prompted us to devise an efficient and convenient method of synthesis of hitherto unknown and novel hydrazone, pyridazine, acrylamide, pyrazole, triazolo [1,5-a] pyrimidine, thiadiazole, dihydropyrimidine, and thiophene derivatives with a sulfonamide nucleus. Results from assessment of the antimicrobial activity of these newly synthesized compounds are reported in this study.
Experimental Part 2
The Scientific World Journal voltage was 70 eV. Elemental analyses were carried out by the Microanalytical Center of Cairo University, Giza, Egypt. The biological evaluation of the products 3a, 3c, 6, 7, 8b, 10, 15, 16, and 17 was carried out at the Medical Mycology Laboratory of the Regional Center for Mycology and Biotechnology of Al-Azhar University, Cairo, Egypt.
3-Oxo-3-phenyl-N-(4-sulfamoylphenyl)propionamide (1) and 3-(2-bromoacetyl)-2H-chromen-2-one [26] [27] [28] [29] were prepared as previously described.
Coupling of 3-Oxo-3-phenyl-N-(4-sulfamoylphenyl)propionamide (1) with the Appropriate Diazonium Salt of Aromatic Amines
General Procedure. To a cold solution of 3-oxo-3-phenyl-N-(4-sulfamoylphenyl)propionamide (1) (0.318 g, 1 mmol) in pyridine (20 mL), the appropriate diazonium salt of aromatic amine (aniline or 4-methylaniline or 4-chloroaniline or 4-methoxy-aniline or 4-nitroaniline) (1 mmol) was added (prepared according to literature procedures) [30] . The addition was carried out portionwise with stirring at 0-5 ∘ C over a period of 30 min. After complete addition, the reaction mixture was stirred for further 4 hrs, then kept in an ice chest for 12 hrs, and finally diluted with water. The precipitated solid was collected by filtration, washed with water, dried, and finally recrystallized from the proper solvent to afford the corresponding coupling products 3a-e. (4) . To a solution of (3b) (0.436 g, 1 mmol) and malononitrile (1 mmol) in dioxane (20 mL), few drops of piperidine were added and the reaction mixture was refluxed for 6 hrs. The solid product that formed was filtered off, washed with ethanol, and then recrystallized from the proper solvent to give 4.
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Yield (5) . To a solution of the compound 3b (0.436 g, 1 mmol) in acetic acid (20 mL), triethyl orthoformate (0.2 mL, 1 mmol) was added and the reaction mixture was refluxed for 8 hrs; then it was left to cool. 
4-(6-
Benzoyl-3-ethoxy-5-oxo-2-p-tolyl-2,3-dihydro-1,2,4- triazin-4-(5H)-yl)benzenesulfonamide
2-Benzoyl-3-dimethylamino-N-(4-sulfamoylphenyl)acrylamide (6).
A mixture of the compound 1 (3.18 g, 10 mmol) and N,N-dimethylformamide dimethyl acetal (DMF-DMA) (10 mmol) in dry dioxane (30 mL) was refluxed for 6 hrs; then it was left to cool at room temperature. The yellow precipitated product was filtered off, washed with petroleum ether, and dried. Crystallization from MeOH was carried out to give 2-benzoyl-3-dimethylamino-N-(4-sulfamoylphenyl)acryl-amide (6) [1, 2, 4] triazolo [1,5-va] pyrimidine-6-carboxylic Acid (4-sulfamoylphenyl)amide (7) . To a solution of the compound 6 (0.37 g, 1 mmol) in acetic acid (20 mL), amino triazolo (0.1 g, 1 mmol) was added and the reaction mixture was refluxed for 8 hrs; then it was left to cool. The solid product formed was filtered off, washed with EtOH, and dried. Recrystallization from dioxane afforded 
5-Phenyl-
5-phenyl-[1,2,4]triazolo[1,5-a]-pyrimidine-6-carboxylic acid(4-sul-famoylphenyl)amide (7). Yield (48%), m.p. 290 ∘ C (dioxane); IR (KBr) ] max : 3261, 3110 (NH, NH 2 ), 1685 (C=O), cm −1 ; 1 H NMR (DMSO-d 6 ): 6.61 (s, 1H, D 2 O-exchangeable NH 2 ),
2-Benzoyl-3-aryl-2-yl-N-(4-sulfamoylphenyl)acrylamide (8a, b)
General Procedure. To a solution of (1) (0.318 g, 1 mmol) and the appropriate aromatic aldehydes (1 mmol) in dioxane (20 mL), few drops of piperidine were added and the reaction mixture was refluxed for 6 hrs. So the solid product formed was filtered off, washed with EtOH, dried, and finally recrystallized from the proper solvent to give 8a, b. 
2-Benzoyl-3-furan-2-yl-N-(4-sulfamoylphenyl)acrylamide (8a
2-Benzoyl-3-(1,3-diphenyl-1H-pyrazol-4-yl)-N-(4-sulfamoylphenyl)acrylamide (8b
5-Furan-2-yl-3-phenyl-2,3-dihydro-1-H-pyrazole-4-carboxylic Acid (4-sulfamoylphenyl)amide (9a).
To a solution of the compound 8a (0.4 g, 1 mmol) in dioxane (20 mL), hydrazine hydrate (80%, 0.2 mL, 1 mmol) was added and the reaction mixture was refluxed for 6 hrs; then it was left to cool. So the solid product formed was filtered off, washed with EtOH, and dried. Recrystallization from dioxane afforded 9a.
Yield (40% (10) . To a solution of the compound 1 (3.18 g, 10 mmol) in acetic anhydride (20 mL), triethyl orthoformate (2 mL, 10 mmol) was added and the reaction mixture was refluxed for 8 hrs; then it was left to cool. So the solid product formed was filtered off, washed with EtOH, and dried. Recrystallization from dioxane afforded 2-benzoyl-3-ethoxy-N-(4-sulfamoylphenyl)acrylamide (10 Phenyl-2-thioxo-2,3-dihydropyrimidin-4-ylamino) benzenesulfonamide (11) . To a mixture of 1 (0.318 g, 1 mmol) and thiourea (0.076 g, 1 mmol) in dimethylformamide (20 mL), triethylamine (0.5 mL) was added and the reaction mixture was refluxed for 6 hrs; then it was left to cool. The precipitated product was filtered off and purified by recrystallization from the suitable solvent to afford the corresponding 11.
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4-(6-
Yield (45% 
2-Benzoyl-3-mercapto-3-phenylamino-N-(4-sulfamoylphenyl)acrylamide (13).
To a stirred solution of potassium hydroxide (0.11 g, 1 mmol) in dimethylformamide (20 mL) the 1 (0.318 g, 1 mmol) was added. After stirring for 30 min, phenylisothiocyanate (0.27 g, 0.24 mL, 1 mmol) was added to the resulting mixture and stirring was continued for 6 h; then it was poured over crushed ice containing hydrochloric acid. The solid product formed was filtered off, washed with water, dried, and finally recrystallized from dioxane to afford 13.
Yield (14) . To a mixture of acrylamide 13 (1 mmol) and 2-bromo-1-phenylethanone (0.2 g, 1 mmol) in dimethylformamide (20 mL), triethylamine (0.5 mL) was added and the reaction mixture was refluxed for 6 hrs; then it was left to cool. The precipitated product was filtered off and purified by recrystallization from dioxane to afford the corresponding N- [4-(aminosulfonyl) 15, 16, 17, 18 , and 20. To a stirred solution of potassium hydroxide (0.11 g, 1 mmol) in DMF (20 mL), compound 1 (0.318 g, 1 mmol) was added. After stirring for 30 min, phenyl isothiocyanate (0.27 g, 1 mmol) was added to the resulting mixture. Stirring was continued for 6 hrs, and then chloroacetone, ethyl chloroacetate, 3-(2-bromoacetyl)-2H-chromen-2-one, methyl iodide, or 2-oxo-N-phenylpropane hydrazonoyl chloride (1 mmol) was added portionwise over a period of 30 min. After the addition was complete, the reaction mixture was stirred for additional 12 h, during which the reactant dissolved and a yellow product precipitated. The solid product was filtered off, washed with EtOH, and dried; recrystallization from proper solvent afforded 15, 16, 17, 18, and 20. (16) (17 (20 
N-[4-(Aminosulfonyl)phenyl]-2-anilino-4-phenyl-thiophene-5-benzoyl-3-carboxamide
Synthesis of
N-[4-(Aminosulfonyl)phenyl]-2-anilino-4-phenyl-thiophene-5-acetyl-3-carboxamide (15
3-Phenyl-5-phenylamino-4-(4-sulfamoylphenyl-carbamoyl)thiophene-2-carboxylic Acid Ethyl Ester
N-[4-(Aminosulfonyl)phenyl]-2-anilino-4-phenyl-5-[(2-oxo-2H-chromen-3-yl)carbonyl]-thiophene-3-carboxamide
2-Benzoyl-3-methylsulfanyl-3-phenylamino-N-(4-sulfamoylphenyl)acrylamide (18
2-(5-Acetyl-3-phenyl-3H-[1,3,4]thiadiazol-2-ylidene)-3-oxo-3-phenyl-N-(4-sulfamoylphenyl)propionamide
Agar Diffusion Well Method to
Determine the Antimicrobial Activity. The microorganism inoculums were uniformly spread using sterile cotton swab on a sterile Petri dish malt extract agar (for fungi) and nutrient agar (for bacteria). One hundred L of each sample was added to each well (10 mm diameter holes cut in the agar gel, 20 mm apart from one another). The systems were incubated for 24-48 hours at 37 ∘ C (for bacteria) and at 28 ∘ C (for fungi). After incubation, the microorganism's growth was observed. Inhibition of the bacterial and fungal growth was measured in mm. Tests were performed in triplicate [31] .
Results and Discussion
Heterocyclic azo compounds are well known for their use as antineoplastics [32] , antidiabetics [33] , antiseptics [34] , and antibacterial activity [35] and are known to be involved in a number of biological reactions such as inhibition of DNA, RNA, protein synthesis, carcinogenesis, and nitrogen fixation [34] [35] [36] . Thus, propionamide 1 was coupled smoothly with diazonium salts, derived from the appropriate aromatic amines [4-methoxyaniline, 4-methylaniline, aniline, 4-chloroaniline, and 4-nitroaniline) in pyridine, to afford the respective hydrazones 3a-e (Scheme 1). The structures of the products were established on the basis of their elemental analyses and spectral data (IR, 1 H NMR, and MS) [see Experimental Part]. In the 1 H NMR spectra of compounds 3a-e, absence of signal assignable to azomethine group (CH-N=N-) [37] at 3.00-4.00 ppm ruled out azo form and supported the hydrazone structure of the products.
Further elucidation of the structure of 3b came from the reaction with malononitrile and triethyl orthformate to furnish the final isolable products corresponding to the 5-cyano-6-imino-4-phenyl-1-p-tolyl-1,6-dihydropyridazine-3-carboxylic acid (4-sulfamoylphenyl)amide (4) and 4-(6-benzoyl-3-ethoxy-5-oxo-2-p-tolyl-2,3-dihydro-1,2,4-triazin-4-(5H)-yl)benzenesulfonamide (5), respectively. The structures of compounds 4 and 5 were confirmed based on elemental analysis and spectral data studied (Scheme 2 and Experimental Part). Treatment of compound 1 with N,N-dimethylformamide-dimethylacetal (DMF-DMA) in refluxing dry dioxane afforded 2-benzoyl-3-dimethylamino-N-(4-sulfamoylphenyl)acrylamide (6) . The 1 H NMR spectrum of compound 6 showed signals at 3.42, 8.10, and 9.98 due to N,N-dimethylamino, C=CH-N, Michael addition of the exocyclic amino group of the heteroamines to the enaminone double bond of 6, followed by in situ tandem elimination of dimethylamine and dehydrative cyclization.
Also, 1 reacts with aromatic aldehydes to afford the corresponding 2-benzoyl-3-aryl-2-yl-N-(4-sulfamoylphenyl)acrylamide derivatives 8a,b (Scheme 3). The IR spectrum of compound 8a, taken as a typical example, revealed absorption bands at 3349, 3255, and 1687 cm −1 corresponding to NH, NH 2, and CO functions, respectively. Its 1 H NMR spectrum showed signals at 8.48 and 9.14 corresponding to CH and NH protons in addition to aromatic protons at 7.46-7.94. Its mass spectrum showed a molecular ion peak at m/z 396. When the acrylamide derivative 8a was treated with hydrazine hydrate it afforded the corresponding pyrazole derivative 9a (Scheme 3). Spectroscopic data as well as elemental analyses of the obtained products were in complete agreement with the assigned structures 9a.
On the other hand, the reactivity of propionamide 1 towards triethylorthoformate and thiourea was investigated. Thus, condensation of 1 with triethylorthoformate in refluxing acetic anhydride afforded the ethoxy methylene derivative 10. Establishing of structure 10 was based on the elemental analysis and spectral data. Treatment of 1 with thiourea afforded the pyrimidine derivative 11. Establishing of compound 11 is based on its elemental analysis and spectral data (IR and 1 H NMR) (Scheme 3).
Next, the nucleophilic addition of 1 to phenyl isothiocyanate in dimethylformamide, in the presence of potassium hydroxide, afforded the corresponding potassium salt 12. When the intermediate potassium salt was treated with dilute HCl, it gave the corresponding 2-benzoyl-3-mercapto-3-phenylamino-N-(4-sulfamoylphenyl)acrylamide (13) (Scheme 4).
The IR spectrum of compound 13 revealed the absorption bands at 3350-3256 and 1689-1661 cm −1 corresponding to NH, NH 2, and CO groups, respectively. Its 1 H NMR spectrum showed two D 2 O-exchangeable signals at 10.39, 11.13, and 12.76 corresponding to 2NH and SH proton, respectively. Moreover, the mass spectrum of the product 13 exhibited a molecular ion peak at m/z 453. Treatment of compound 13 with 2-bromo-1-phenylethanone in dimethylformamide, in the presence of a catalytic amount of triethylamine, afforded the carboxamide 14 (Scheme 4). The structure of compound 14 was elucidated from its spectroscopic and elemental analytical data. Thus, it showed absorption bands at 3425-3111 and 1698-1658 cm −1 due to NH, NH 2 , and CO functions, whereas its 1 H NMR spectra revealed two D 2 O-exchangeable signals at 9.55 and 9.98 corresponding to 2NH protons. Heterocyclisation of the intermediate with chloroacetone or ethyl 2-chloroacetate and 3-(2-bromoacetyl)-2H-chromen-2-one furnished in each case one isolable product (as tested by TLC). The reaction products were identified as N- [4-(aminosulfonyl) phenyl]-2-anilino-4-phenylthiophene-5-acetyl-3-carboxami-de (15), 3-phenyl-5-phenylamino-4-(4-sulfa-moylphenyl-carbamoyl)thiophene-2-carboxylic acid ethyl ester (16) , and N- [4-(aminosulfonyl) 30 for the carbons of the CH 3 of (COCH 3 ), CO of (CONH), and CO of (COCH 3 ) groups.
Furthermore, the nonisolated potassium salt was methylated by treatment with methyl iodide to afford the novel ketene N, S-acetal 18. The structure of the synthesized product was established on the basis of their elemental analysis and spectral data [see the Experimental Part].
Heterocyclisation of the intermediate 12 with 2-oxo-N-phenylpropane hydrazonoyl chloride [38] furnished one isolable product (as tested by TLC). The reaction product was identified as 2-(5-acetyl-3-phenyl-3H-[1,3,4]-thiadiazol-2-ylidene)-3-oxo-3-phenyl-N -(4-sulfamoylphenyl)propionamide (20) (Scheme 4). The structure of the product 20 was determined from spectroscopic and elemental analytical data. Thus, the IR spectrum of compound 20 revealed absorption bands at 3340, 3244, and 1614 cm −1 corresponding to NH, NH 2, and CO groups, respectively. Its 1 H NMR spectrum revealed signals at 2.49 and 11.95 due to CH 3 and NH protons, in addition to an aromatic multiplet in the region 7.30-8.39. The aforementioned results indicate that the reaction proceeds via S-alkylation [39] , to give S-alkylated intermediate 19 which cyclized in situ under the employed reaction conditions and elimination of aniline molecule gave the desired product 20 (Scheme 4).
Screening for Antimicrobial Activity. The newly synthesized compounds 3a, 3c, 6, 7, 8b, 10, 15, 16, and 17 were evaluated for their in vitro antibacterial activity against Staphylococcus aureus (RCMB-000106) (SA) and Bacillus subtilis (RCMB-000108) (BS) as examples of Gram-positive bacteria and Pseudomonas aeruginosa (RCMB-000102) (PA) and Escherichia coli (RCMB-000103) (EC) as examples of Gram-negative bacteria. They were also evaluated for their in vitro antifungal activity against Aspergillus fumigatus (RCMB-002003) (AF), Saccharomyces cerevisiae (RCMB-006002) (SC), and Candida albicans (RCMB-005002) (CA) fungal strains. Inhibition zone diameter (IZD) in mm was used as criterion for the antimicrobial activity using the agar diffusion well method. The fungicide clotrimazole and the bactericide streptomycin were used as references to evaluate the potency of the tested compounds under the same conditions. The results are depicted in Table 1 . From the data given by 
